On rocky shores, cover of macroalgae is often greater growing epibiotically on mussels compared to algae growing directly attached to rock. A survey of two shores on the east coast of Ireland confirmed that mussel beds contained greater percentage algal cover and more diverse algal assemblages compared to those on rock. The reasons for this difference are not clear. It has been suggested that mussel beds provide a refuge for algae from grazing gastropods. Surprisingly, we found no evidence to support this. Using wax discs, gastropod grazing patterns were found to be similar within the mussel beds as on rock. The mussel beds do not appear to provide a refuge for algae from grazing activity at this scale and we suggest other possible mechanisms for the prevalence of epibiotic algal cover on mussels. Intertidal grazers may in fact affect the epibiotic algae on mussels and thereby affect indirectly the persistence of mussel beds.
INTRODUCTION
Complex interactions exist between intertidal mussels, grazing gastropods and algae on rocky shores (Raffaelli & Hawkins, 1999) . Mussel beds, for example, may provide refuge for grazers from extreme physical conditions and predation (Suchanek, 1985; Witman, 1985; Wahl, Hay & Enderlein, 1997) . Furthermore, mussels may benefit from gastropods if they graze on algal epibionts that increase the likelihood of mussel dislodgement (Harger & Landenberger, 1971; Dittman & Robles, 1991; O'Connor, Crowe & McGrath, 2006) . The movement and foraging behaviour of grazers are well documented for open rock surfaces (e.g. Hartnoll & Wright, 1977; Thompson, Johnson, & Hawkins, 1997) . Comparatively few studies have examined activity patterns of grazers within mussel patches. It has been suggested that gastropods graze less efficiently over rugose habitats such as crevices, barnacles or mussels, thus providing at least a partial refuge for algal spores from predation (Hawkins & Hartnoll, 1982; Underwood & Chapman, 1989; Dudley & D'Antonio, 1991; Raffaelli & Hawkins, 1999; Wahl & Hoppe, 2002) . This would explain the presence of epibiotic algal assemblages on mussel beds, dominated by highly palatable species such as Enteromorpha spp. We cannot, however, infer from observations of grazer abundance, often at low tide, if their movement is restricted to the bare rock. A better method of estimating the movement of grazers is required to indicate if they are likely to affect the presence and abundance of epibiotic algae on the mussels. Determining whether grazing gastropods forage within mussel beds will provide an indication of the direct effects of grazers on epibiotic algae and potential indirect effects on mussels and associated assemblages.
We surveyed the percentage cover and diversity of macroalgal assemblages growing epibiotically on mussels (Mytilus edulis L.) and on rock at two locations. Different species of grazer can affect epibiotic algae differently (e.g. Hily et al., 2004) , and the radulae of several gastropod species leave distinctive marks on soft surfaces such as wax (Hawkins et al., 1989; Thompson et al., 1997; Forrest, Chapman, & Underwood, 2001) . To examine if mussel beds provide a refuge for algae from grazing, we used the wax disc technique to test whether three of the most abundant grazers present [Patella vulgata L., Littorina littorea (L.), and Gibbula umbilicalis (da Costa, 1778)] graze in a similar manner on mussel beds as on rock. Rush, Co. Dublin (53831.4 0 N, 6804.9 0 W), approximately 150 km apart. Carnsore is an exposed rocky shore composed of granites and other intrusive igneous rocks. Rush is a moderately exposed shore and the experiment was carried out on an intertidal rocky reef composed of a mixture of undulating sandstones, shales and limestones. Both locations contain similar networks of patches of bare rock, barnacles, mussels and macroalgae. The mussels on both shores are relatively small, as is expected on exposed shores, and they form dense mono-layered stands that are tightly compacted. The most abundant perennial macroalga is Fucus serratus, which grows in patchily distributed stands attached to rock and mussels. Green and red ephemeral algae are also present, such as Enteromorpha spp. and Porphyra spp.
MATERIAL AND METHODS
The total cover and diversity of macroalgae growing epibiotically on mussels and directly attached to rock were sampled randomly at Rush and Carnsore, using a double-strung quadrat (20 Â 20 cm) with 49 intersections. The percentage cover of each was estimated by recording every taxon present under each intersection point. All algae were identified to species (e.g. Fucus serratus ) or genus (e.g. Enteromorpha ). Ten replicate samples were taken in each habitat type (i.e. mussel patches, open rock) at each location.
During summer 2003, at Rush, the movement and grazing activity of the three species under examination (P. vulgata, L. littorea and G. umbilicalis ) were estimated using wax discs, as described by Thompson et al. (1997) . Forty wax discs (14 mm in diameter) were attached to the shore over an area of approximately 75 m 2 . Small holes slightly larger than the discs were drilled into the substrate and discs were secured within them with epoxy putty (Milliput w , Gwynedd, Wales) so that the discs were flush with the rock. Twenty of these were attached to bare rock and 20 were fixed within the mussel beds packed tightly among the mussels. Owing to the dense nature of the mussel beds the discs placed in them could only be reached by grazers that had moved across the mussels. Radular marks on these discs are, therefore, indicative of grazer movement on the actual mussels. The patches of mussels varied in shape and size (most were between 25 and 75 cm 2 ), and all the discs in mussel beds were at least 5 cm inside a mussel patch, so that any recorded radular marks are representative of the grazing activity within mussel beds. After 14 days all the discs were examined under a microscope and displayed on a computer monitor with a 64-point grid superimposed over the image. The percentage cover of grazing marks on each disc was then estimated and attributed to species wherever possible. It appeared that some discs were grazed over more than once. A second field experiment was, therefore, carried out over a shorter period of time. In this experiment, 30 wax discs were attached to the shore for 48 h; 15 to rock and 15 within mussel beds.
The effect of habitat type on the total percentage cover of macroalgae and on percentage cover of grazing marks on discs was analysed with Analyses of Variance (ANOVA) using GMAV5 w for Windows (University of Sydney, Australia). Cochran's test was used to test for homogeneity of variance. Student Newman Keuls (SNK) procedure was used to make post-hoc comparisons among levels of significant terms. Where appropriate, post-hoc pooling of terms was used to improve power of relevant tests (Underwood, 1997) . Balanced designs (with equal numbers of replicates for each treatment) were preferred for the analyses (Underwood, 1997; Quinn & Keough, 2002) . Thus, because unequal numbers of discs (replicates) were recovered from each habitat type, not all data collected were used in the analyses. Replicates were selected randomly from all samples collected for inclusion in the analysis. In the first wax disc experiment, 14 replicates of each treatment were used in the analysis and in the second nine replicates were analysed. Permutational multivariate analysis of variance (PERMANOVA) and pairwise a posteriori comparisons (Anderson, 2001; McArdle & Anderson, 2001) were used to test for differences between algal assemblages on mussel beds and rock. These data were square-root transformed to reduce the influence of the most abundant species on overall assemblage structure (Clarke, 1993) .
RESULTS
Total algal cover was greater on mussel shells than on rock at Rush and Carnsore ( Fig. 1; Table 1 ). Epibiotic algal assemblages on mussel beds were also different from those on bare rock at both locations (Table 2 , pairwise a posteriori comparisons). In total, nine algal taxa were identified, eight growing epibiotically on mussels and five growing directly on the rock ( Table 3) .
The majority of the marks found on all discs appeared to be made by P. vulgata. Unfortunately, it proved impossible to attribute percentage cover of grazing marks to each species accurately. Overall cover of all grazing was, therefore, estimated and markings from the other grazers (L. littorea and G. umbilicalis ) were recorded as present or absent on each disc. In the first experiment (14 days), L. littorea was recorded on 13% of discs among the mussels and none from the rock, and G. umbilicalis was recorded on 50% discs from the mussels and 20% from the rock. In the second experiment (48 h), L. littorea was recorded on no discs from the mussels and 8% from the rock, and G. umbilicalis was recorded on 33% of discs from the mussels and 25% from the rock.
There was no difference in the percentage cover of grazing marks on discs within mussel beds compared to bare rock, in the first experiment (F 1,27 ¼ 0.14, P . 0.51) or in the second experiment (F 1,17 ¼ 0.33, P . 0.58) (Fig. 2) . Figure 1 . Total algal cover on mussels and rock at Rush and Carnsore. Shown are means (þSE), n ¼ 10. Table 3 . Total algal cover and % cover of each component algal taxa found on mussels and on rock at Rush and Carnsore (means + SE, n ¼ 10).
% algal cover (+SE)
Rush Carnsore Taxa Mussels Rock Mussels Rock
Enteromorpha spp. 31 (8) 15 (8) 59 ( 
DISCUSSION
Our findings show clearly that greater algal cover and more algal taxa occurred on mussel beds than on rock. Gastropod movement and activity patterns were similar within mussel beds and on bare rock. These grazers appear to forage at a similar rate and in a similar manner within the two habitat types, suggesting that they may not cause the observed pattern of algal growth directly. The majority of diagnostic radular marks were made by P. vulgata, suggesting that this limpet has the highest rate of grazing in both habitats, and its movement is not restricted to rock surfaces. The low number of radular marks from G. umbilicalis and L. littorea on the discs, however, could also be because these species avoided the discs in the field (e.g. Hutchinson & Williams, 2003) . Previous research using wax discs to quantify limpet grazing rates validated the technique with video studies and found that ,15% of limpets change speed or direction on encountering a disc (Jenkins et al., 2001 ). Until we verify this technique in a similar way for the other two species, we cannot be certain that it provides an accurate representation of the grazing patterns of each species relative to each other. It does demonstrate, however, that grazing patterns are similar in both habitats because the occurrence of radular marks from each species was similar within mussel beds and on rock. Moreover, P. vulgata is likely the key species in this system (O'Connor & Crowe, 2005; Moore et al., 2007) and because the majority of the detected grazing marks are attributed to this species, the patterns that we have identified are dominated by the species for which this method has been validated.
The fact that the overall grazing patterns were similar after 48 h and 14 days, however, suggests that readings taken after 14 days may be under-estimates of overall activity rates. Underestimation of grazing occurs when discs are overgrazed and radular marks or percentage cover of discs cannot be estimated (Thompson et al., 1997; Hutchinson & Williams, 2003) . It was also difficult to attribute the percentage cover of grazing marks to each species on the discs left out for 48 h. We cannot estimate accurately the actual grazing rates from these data, but they suggest that grazing activity is similar among the mussels and on rock. The ideal duration for this kind of experiment will, therefore, depend on the abundance of grazers on a shore.
Our results are consistent with findings from other geographical regions, which have shown that intertidal gastropods can graze within mussel beds and influence the presence and abundance of epibionts (e.g. Santelices & Martinez, 1988; Buschbaum, 2000) . Studies carried out on the shores of the Wadden Sea, where L. littorea is the dominant grazer, showed that littorinid grazing influenced the identity and settlement of epibionts on mussels (Buschbaum, 2000) . The exact mechanisms by which mussel beds contain more abundant and diverse algal assemblages remain unclear. We have, however, shown that grazers do not appear to avoid mussel beds as previously thought and there is no evidence that mussel beds provide a refuge for algae from grazing. There are many other factors that may be important in determining epibiotic algal assemblages on mussels. It is possible, for example, that the sediments associated with mussel beds enhance the development of algae or that algal recruits receive protection from severe environmental conditions. The greater number of algal species found on mussels may be due to small-scale differences in slope, aspect or water drainage that allow more sensitive species to exist (Burrows & Hawkins, 1998) . Santelices & Martinez (1988) suggested that mussels affect the pattern of algal settlement by ingesting certain algal propagules and protecting algal germlings from desiccation. Mussel beds may provide a partial refuge for algal germlings on a much smaller scale than is possible to measure with the wax discs described in this study. The discs were however, packed tightly between mussels and the results are indicative of grazing activity at this scale.
It is likely that the effect of grazers on algal settlement on highly rugose substrates is determined by several interacting factors such as grazer density, prey density and species identity of algal propagule (Dudley & D'Atonio, 1991; Wahl & Hoppe, 2002) . To test definitively for effects of grazers on algal assemblages on mussel beds, a grazer removal experiment is required. Until such time, it should not be assumed that the grazing activity of gastropods is less efficient or more restricted over mussel beds than bare rock.
In conclusion, mussel beds do not appear to provide a refuge for algae from grazing at this scale. Grazing gastropods may, therefore, affect the presence and persistence of epibiotic algae on mussels and hence affect indirectly the growth and survival of the host mussels (Harger & Landenberger, 1971; Dittman & Robles, 1991; O'Connor et al., 2006.) .
